ABSTRACT We studied the impact of forest edges on the fruit-feeding butterßy communities of three forest remnants in Ghana, West Africa. Community diversity was assessed using traps baited with fermenting banana. Two 200-m, edge-to-interior transects of Þve traps each were established in each forest. Sampling spanned 1 yr for a total of 180 Ð210 trap days per site and resulted in 2,634 specimens and 56 species. We found signiÞcant support for an effect of forest edge on butterßy diversity. The impact of distance from edge on point estimates of diversity, i.e., total trap captures, weighted species richness, and SimpsonÕs diversity, was unique to each forest. Multivariate analyses, which integrated species composition along with relative abundance and richness, uncovered two broad community types, interior communities (those 100, 150, and 200 m distant from the edge) and exterior communities (edge communities and those 50 m distant), indicating that edge habitat generally extends at least 50 m into the forest. However, effects of edges on community diversity were still detected as far as 100 m into the forest. Three species relatively tolerant of forest degradation emerged as indicators of edge habitat. No species were indicative of core habitat.
Human transformation of landscapes has converted former expanses of intact habitat into remnant, and often degraded, habitat patches embedded in a derived landscape matrix. Although habitat fragmentation is pervasive at all landscape scales and affects virtually all habitat types, fragmentation of forested areas generally has the most signiÞcant implications for biodiversity because the ensuing contrast between transformed versus untransformed landscape is so severe. This creation of an open, structurally simpliÞed surrounding matrix ampliÞes the impacts of external inßuences on the forest patch and impedes metapopulation dynamics (Laurance and Bierregaard 1997) .
A fundamental consequence of fragmentation is an increase in the extent of boundary or edge habitat relative to unaffected interior or core habitat. Forest edges catalyze myriad physical and ecological changes to the forest patch environment because of this shared boundary with a sharply contrasting surrounding landscape (Saunders et al. 1991 , Matlock 1993 , 1994 , Murcia 1995 , Donovan et al. 1997 . The severity and extent of these modiÞcations, or edge effects, depend on the size of the forest patch and degree to which speciÞc external inßuences are able to penetrate the patch interior (Murcia 1995 , Didham et al. 1998 ). Edge effects can be so pervasive in small forest fragments that in essence these patches cease to function as forest habitat or to support forest-speciÞc species.
Forest fragmentation is a primary determinant of global biodiversity decline (Czech and Krausman 1997, Laurance and Bierregaard 1997) . Undoubtedly, at least part of this decline is caused by the cascading ramiÞcations of decreased patch quality that stems from increased edge exposure. Most of what we know about the impact of edges on fragmented forest communities derives largely from study of vertebrate species, especially birds and their nest predators (e.g., see references in ). Much less is known about the impact of edges on arthropod communities even though arthropods are superlative ecological indicators because of their enormous numbers; functional, life history, and taxonomic diversity; high rates of endemism and speciation; global and ecological ubiquity; and rapid response to environmental change. The large majority of edge effects studies have, additionally, generally targeted a single species or a very small group of species; investigations of their impact on community diversity per se are uncommon.
Few regions in the world have experienced as extensive fragmentation as the Upper Guinean forests of Ghana, West Africa (Hall and Swain 1981 , Hawthorne 1989 , Whitmore 1997 , Goudie 2000 , Myers et al. 2000 . Historically, most of the southwestern one third of the country was covered by forest, interspersed by dense Guinea Savanna. However, much of this former forested landscape has been converted to highly derived manmade savanna or agropastoral lands. Remaining forested areas are thought to comprise only 10 Ð15% of their original extent, and these are highly isolated (Hawthorne and Abu-Juam 1995) . Nearly no closed canopy forests exist outside reserve boundaries. Of the Ϸ1% that does, most is in the form of small remnants that persist solely because of their cultural signiÞcance as sacred forest groves and their long history of protection through traditional belief systems (Lebbie and Freudenburger 1996, Ntiamoa-Baidu 2001) . Although broad scale fragmentation of the countryÕs forests has almost certainly detrimentally affected GhanaÕs forest dependent species, empirical data from study of these communities are just beginning to accumulate (Decher 1997 , Beier et al. 2002 , Brashares 2003 , Davis and Phillips 2005 , Bossart et al. 2005 . Such data are increasingly needed given the external pressures that continue to undermine sustained protection of forest reserves in the country (McCullough et al. 2007) .
Nearly all arthropod-focused, forest edge-to-interior studies conducted to date have targeted beetles, particularly the carabids (Didham et al. 1998 , Davies and Margules 1998 , Heliö lä et al. 2001 , Magura et al. 2001 , Koivula et al. 2004 , Spector and Ayzama 2003 , Phillips et al. 2006 , Baker et al. 2007 , although see Bolger et al. 2001 , Martin and Major 2001 , Vandergast and Gillespie 2004 . Here we quantify community structure of fruit-feeding butterßies along forest edge-to-interior transects in three forest fragments in the moist semideciduous forest zone of Ghana, West Africa. Butterßies are excellent model systems for evaluating community dynamics in transformed landscapes (Kremen 1992; DeVries et al. 1997; Brown and Freitas 2000; Fermon et al. 2000 , Hamer et al. 2003 , Stork et al. 2003 . They show a diversity of relative sensitivities to environmental change, span the array of inherent abundances, from exceedingly rare to very common, are tightly intertwined with ecological systems as both primary consumers (herbivores) and food items (prey), and are easily and systematically collected.
This study is one of a series from our on going investigations of the impact of fragmentation on forest butterßy communities. Our primary goals here were to assess how overall forest community structure changed with increasing distance from the edge, to identify the distance to which edge effects penetrate the forest and impact community structure, and to determine whether particular species would emerge as indicators of core versus edge habitat. To the best of our knowledge, this study represents the Þrst on edge effects from the fragmented forests of West Africa.
Materials and Methods
Study Area and Sites. The forests of Ghana comprise four increasingly dry vegetational zones. These are arranged as concentric bands, beginning with the wet evergreen forests in the southwest corner of the country, extending outward through the moist evergreen, moist semideciduous, and dry semideciduous forest zones (Hawthorne and Abu-Juam 1995) . Our study was conducted in three isolated forest fragments located in the moist semideciduous forest zone of Ghana (Table 1) . The study fragments ranged in size from Ϸ100 to 5,000 ha. All three are located in the Ashanti Region and situated within an Ϸ35-km radius of Kumasi (shown in Bossart et al. 2006) , which facilitated recurring sampling of multiple sites. Two of the three forest sites are gazetted reserves (Bobiri Forest Reserve and Owabi Wildlife Sanctuary). The third is a long-protected, sacred grove (Asantemanso Sacred Forest). Each forest is completely surrounded by an anthropogenically derived farm bush savanna matrix, except for Owabi, which on one side abuts the reservoir that supplies drinking water to the city of Kumasi. The edge perimeter of each forest constitutes a severe and abrupt boundary between forest vegetation and the surrounding, matrix.
Sampling Design. The fruit-feeding butterßy communities at each site were surveyed using typical fruitbaited traps. Two forest edge-to-interior transects of Þve traps each were established in each forest for a total of 30 traps across all sites (10 traps at each of three sites). Transects within a site were separated by Ͼ300 m. Each transect was established by walking perpendicular from the forest edge into the forest interior using a compass to set direction and a meter tape to determine distance. A machete was used where necessary to gain passage through the understory. Traps were hung Ϸ10 Ð15 cm above the ground at 50-m intervals along the 200-m transect. The Þrst and last trap on a transect were hung at the forest edge and the 200-m point, respectively. Conscious effort was taken to establish transects in areas of closed canopy forest and to place all traps in similar micro habitats within the forest.
Sampling occurred from late June 2001 through July 2002. Sampling was more frequent during the rainy season when the senior author was in the country Hecq (1997 Hecq ( , 1999 Hecq ( , 2000 Hecq ( , 2002 , Henning (1988) , and Larsen (2005) . The vast majority of GhanaÕs butterßies are easily identiÞed based on wing color patterns and wing morphology. The few difÞcult specimens were identiÞed in consultation with Dr. Torben Larsen, an internationally renowned expert on butterßies of West Africa, and Dr. John Rawlins, Associate Curator, Section of Invertebrate Zoology, Carnegie Museum of Natural History (CMNH). Voucher specimens of species collected during the study have been deposited at the CMNH, Section of Invertebrate Zoology.
Statistical Analyses. Community diversity of trap collections was quantiÞed in two ways: Þrst using the point statistics, total trap captures, species richness, and SimpsonÕs index of diversity, and second, using the multivariate ordination procedure, nonmetric multidimensional scaling (NMDS; CAP 3.11, Pisces Conservation 2004).
Point Statistics. Species richness and total sample size are strongly positively correlated unless the total number of species at a site has been completely sampled Colwell 2001, Magurran 2004 ). In our study, new species were still being accumulated when sampling ended (Bossart et al. 2006 ). To compensate for richness-sample size correlations, we used the intuitively meaningful and easily calculated, MenhinickÕs Index of species richness (Magurran 2004 ). This index is given by D MN ϭ S/͌N, where S is observed total richness in a sample and N is the total number of specimens collected in that sample.
SimpsonÕs index is an overall measure of community heterogeneity that combines both species richness and evenness into a single number and is given by
] for a Þnite community, where n i is the abundance of the ith species and N i is total sample size. Increasing values of D SM indicate decreasing evenness, and hence, lower community diversity. We calculated the inverse form (1/ D SM ), such that larger numbers would correspond with greater diversity, using EstimateS, Version 6.01b (Colwell 2000) . Although single measures of overall diversity can be problematic (Magurran 2004) , they continue to be widely requested and reported. SimpsonÕs index is considered the most robust and biologically meaningful of those available (Magurran 2004) .
We used the general linear method (GLM; SAS 2004) to quantify the relative contribution of forest site (forest effect), transects nested within forests [transect(forest) effect], trap distance from forest edge (trap effect), and forest by trap interaction (forest ϫ trap effect) to variance in each measure of diversity (i.e., MenhinickÕs and SimpsonÕs diversity) and to the number of specimens collected in traps. To further explore the speciÞc form of the relationship between each dependent variable and trap distance from edge (our primary interest), least square means for each forestÐtrap combination generated from the GLM analysis were subsequently regressed on distance from edge.
Multivariate Statistics. Our community data comprise an N sample units (traps) ϫ M species matrix, where each element of the matrix is the abundance of a given species in a given trap sample. Snapshot measures of community diversity, such as species richness and SimpsonÕs diversity, are unable to capture the full information available in complex multivariate data sets. NMDS uncovers patterns of covariation in species distributions among trap samples by reducing the dimensionality of an N ϫ M species abundance matrix into a few ordination axes. This ordination procedure is considered the overall most effective and the best choice for analysis of community data (McCune and Grace 2002). NMDS Þrst converts N lists of species and their abundances into a matrix of single numbers by calculating the distance between pairwise comparisons of all N samples (i.e., it calculates a dissimilarity matrix). It then uses an iterative process to position these distance values in multidimensional space such that "stress" is minimized. Stress is minimized when the most similar community samples are grouped as close together as possible in space, while at the same time the most dissimilar samples are kept as distant as possible.
Raw data were square root transformed before analysis to give less weight to species that dominated the community data (Jongman et al. 1995) . The initial distance matrix was calculated using the Bray-Curtis abundance based index (also known as the Sørensen quantitative index), which is considered the generally most effective measure of community similarity (Legendre and Gallagher 2001 , McArdle and Anderson 2001 , Magurran 2004 . In CAP, initial starting coordinates for the NMDS can be assigned using either a random numbers generator or a principal coordinates analysis (PCA). We ran the program multiple times using the random numbers generator and compared results with those obtained from the PCA to ensure that our analysis had converged on a global, rather than local, stress minimum. In all cases, the algorithm was run for 200 iterations.
Axis-1 and axis-2 ordinate values generated from the NMDS were subsequently subjected to joint analysis using multivariate analysis of variance (MANOVA statement in GLM, SAS 2004) to statistically test whether trap samples clustered in two-dimensional space because of the effects of forest site, transects within forest, trap distance from edge, and forest by trap interaction (Gotelli and Ellison 2004) . Ordinal values were also analyzed for each axis independently to assess how effects included in the model contributed to separation of samples along a single axis. In both the MANOVA and independent analysis of variances (ANOVAs), we used linear contrasts (CONTRAST statement in GLM; SAS 2004) to test speciÞc hypotheses about how traps clustered with respect to their relative order on the edge-to-interior transect. Four hypotheses were tested (1) edge traps differ from all others, (2) the exterior most traps (edge and 50-m traps) differ from the interior most traps (150-and 200-m traps), (3) traps differ along a linear gradient, and (4) traps at 100 m differ from all others. These tests involved both planned (i.e., numbers 1Ð3) and unplanned (i.e., number 4) comparisons. To ensure an experiment-wise error rate of ␣ Յ 0.05, we used a corrected critical value of P ϭ 0.013 to assess signiÞcance of each of the four comparisons following the method of Dunn-Š idák. The corrected critical value, ␣Ј, is given as 1 Ð (1 Ð ␣)
, where k is the number of individual comparisons to be made (Sokal and Rohlf 1995) . Least square means generated from the MANOVA for each trap distance were plotted for axis-1 and axis-2 to further explore the relationship among trap collections.
We used the method of Dufrê ne and Legendre (1997) to quantify speciesÕ indicator values (McCune and Mefford 1999; PC-ORD, version 4.25) . This analysis integrates both species Þdelity (the degree to which a species is found only in a particular group) with its relative abundance. Indicator values range from 0 (no indication) to 100 (perfect indication). Perfect indication occurs if all individuals of a particular species are found only in a single group and if that species is present in all sites of that group. Statistical signiÞcance is assessed using Monte Carlo randomization. In our case, group is deÞned as trap distance from edge. Thus, a perfect indicator species for a particular trap distance would be found only at that distance and in all traps at that distance.
Results
Point Statistics. Each site was sampled from 18 to 21 times throughout the course of the study, resulting in a total of 56 species collected from the 30 traps. Although the largest number of species was collected from the 10 traps at Owabi, more specimens were also collected from this site than from the other sites (Table 1). MenhinickÕs richness was highest at Bobiri, exceeding that at Owabi and Asantemanso by 13 and 60%, respectively (Table 1) . SimpsonÕs index of overall diversity differed markedly between Owabi and the other two sites. At Owabi, this value was more than double that at Bobiri or Asantemanso, indicating the relative abundances of species in Owabi trap collections were much more equitably represented than the abundances of species in Bobiri or Asantemanso collections.
Forest site explained a signiÞcant portion of the variation in least square mean captures, MenhinickÕs richness, and SimpsonÕs diversity (Table 2, forest effect). In contrast, trap distance from edge, our primary factor of interest, only accounted for variation associated with total trap captures ( Table 2 , trap effect), and this effect was forest dependent (Table 2 , forest ϫ trap effect). At Owabi and Asantemanso, signiÞcantly more butterßies were caught in traps closer to the edge versus interior traps (Fig. 1a) . This difference was especially pronounced at Owabi, where edge trap collections were nearly twice as large as those from any other trap. At Bobiri, however, total captures in edge traps was no different than the number collected from other traps along the transect (Fig. 1a) . The absence of an overall effect of trap distance from edge on MenhinickÕs and SimpsonÕs index is partially explained by the divergent patterns of response in the different forests (Fig. 1b,c ; Table 2 , forest ϫ trap effect). In Owabi, both richness and overall diversity increased with increased distance from the edge (r 2 ϭ 0.60, P ϭ 0.009 and r 2 ϭ 0.51, P ϭ 0.012 for MenhinickÕs richness and SimpsonÕs undex, respectively). However, in Bobiri, overall diversity decreased with increased distance from the edge (r 2 ϭ 0.57, P ϭ 0.007) and richness remained relatively constant (r 2 ϭ 0.06, P ϭ 0.492). In Asantemanso, neither diversity measure was signiÞcantly linked with distance from edge (r 2 ϭ 0.21, P ϭ 0.178 and r 2 ϭ Ϫ0.03, P ϭ 0.423). Multivariate Statistics. The NMDS algorithm produced nearly identical solutions regardless of whether a PCA or a random numbers generator was used to set initial starting conditions. We report results obtained using PCA to determine the initial conÞguration, the default condition in CAP. Three-dimensional NMDS solutions generated stress values that were slightly less (0.121 Ϯ 0.0030 SD) than those obtained from twodimensional solutions (0.163 Ϯ 0.0045 SD). However, all relevant separations of trap samples were readily apparent in only two dimensions (Fig. 2) , so only these are reported here for ease of visual interpretation. With a full model Þtted to the data, the relative effect of trap distance from edge did not differ across forests (forest ϫ trap effect, P ϭ 0.648, P ϭ 0.562, and P ϭ 0.490 from a MANOVA, axis-1 ANOVA, and axis-2 ANOVA, respectively). Thus the reduced model, with forest, trap, and transect(forests) as the independent variables, more accurately accounts for expressed variation and is the more powerful test of the effect of each factor on the ordering of trap samples in twodimensional space.
Trap samples separated foremost with respect to forest site ( Fig. 2; Table 3 , forest effect), indicating that trap collections from each forest were more similar to each other than to those from other forests. Clustering of forest samples was largely a consequence of separation along axis one (Table 4a versus 4b, forest effect), where Bobiri, Owabi, and Asantemanso samples were ordered from left to right along the axis, respectively (Fig. 2) . Although Owabi samples seemed to also separate away from Bobiri and Asantemanso samples along axis-2 (Fig. 2) , this difference was not signiÞcant (Table 4b , forest effect). Transects within forests also determined the composition of butterßy communities collected in traps [ Table 3 , transect(forest) effect]. These differences among transects were entirely a consequence of separation of transect one and two collections along axis-2 [Table  4a of differences between the two transects at Bobiri (Fig. 2) .
We found signiÞcant support for our primary hypothesis that distance from edge determines the structure of butterßy communities collected in traps (Table  3 , trap effect). The most obvious clustering was of traps 150 and 200 m distant from the edge (Fig. 2) . Within each forest, these interior-most traps were positioned in close proximity regardless of which transect they were located on. Although not as deÞn-itive, edge traps and those 50 m distant from the edge also tended to cluster together within forests. Both axes contributed to the signiÞcant separation of traps in two-dimensional space, but this ordering was most pronounced along axis-1 (Table 4a versus Three of the four comparisons that tested the relative order of traps along the transect were signiÞcant (Table 3 , planned contrasts). In general, change in community structure with increasing distance from edge was broadly linear ( Fig. 3 ; Table 3 , planned contrast: linear), as is expected if community dissimilarity increases from the forest edge to the interior. However, this linearity was nearly entirely a consequence of separation of the exterior most versus interior most trap collections. Edge and 50-m collections were most similar to each other and statistically distinctive from the 150-and 200-m collections, which were likewise most similar to each other ( Fig. 3 ; Table  3 , planned contrast: 1 and 2 versus 4 and 5). Notably, collections from traps at the midpoint on the transects, i.e., 100 m, were a conspicuous exception to this overall pattern of linear change (Fig. 3) . These midpoint collections were expected to comprise a mixture of the exterior and interior collections and hence to position in between, and in line with, the other values. But instead the intermediate trap communities Transect(Forest) . b A Dunn-Š idák corrected critical value of P ϭ 0.013 was used to determine signiÞcance of individual contrasts to ensure an experiment-wise error rate of ␣ ϭ 0.05. Transect(Forest) . b A Dunn-Š idák corrected critical value of P ϭ 0.013 was used to determine signiÞcance of individual contrasts to ensure an experiment-wise error rate of ␣ ϭ 0.05. shared less similarity with the edge and 50-m collections than did those from even further into the forest (Fig. 3) and had a structure uniquely distinctive from all the rest (Table 3 , unplanned contrast: 3 versus all others).
Axis 1 Least Square Means
Only 3 of the 56 species collected (Euphaedra ceres, Bicyclus vulgaris, and Melanitis leda) emerged as indicator species and these were far from a perfect indication of 100 (indicator values ranged from 37 to 45%; P Յ 0.05). Although all three were predominately associated with traps on or near the edge, they were found at more interior traps as well (Appendix 1). No species was characteristic of interior/core habitat.
Discussion
When measured as point estimates of diversity (total captures, weighted species richness, and SimpsonÕs diversity), effects of forest edge on butterßy community structure differed across our three study sites. The only apparent impact on the Asantemanso community was a decrease in the numbers of butterßies collected from the interior-most traps relative to traps nearer the edge. At Bobiri, SimpsonÕs index was correlated with distance but not MenhinickÕs richness or total captures. This suggests that changes along the edgeinterior gradient were caused by differences in relative species abundances rather than total species richness. Additionally, because overall diversity decreased with increasing distance from edge, relatively more species beneÞted by edge-associated environmental changes. At Owabi, both the number of species and overall diversity were signiÞcantly correlated with distance and in a direction opposite that observed at Bobiri. This positive distance-diversity association indicates that relatively more species were detrimentally affected by edge habitat in this community, with some apparently avoiding edges.
Inherent differences in butterßy community structure among forest fragments are likely both a basis for and consequence of the differential impact of edges on each. Responses to edges are species speciÞc and altered by a complex interplay of fragment-and matrix-associated characteristics, e.g., fragment size and condition, age and orientation of the edge, and features of the surrounding landscape , Ewers and Didham 2006 , Laurance et al. 2007 ). In our case, all transects were established where forest habitat formed an abrupt edge with adjoining farm bush savanna and the vegetational structure of the surrounding landscape was broadly similar. Fragment size, however, is very different among forests and was undoubtedly a key mitigating factor both in terms of size of resident communities (i.e., speciesarea relationship issues) and relative extent and penetrance of edge effects (i.e., higher in smaller fragments). Edge and area have been shown to interact synergistically in forest beetle communities, changing both the strength and slope of the response ).
GhanaÕs forest butterßies also differ substantially in terms of their relative rarity and tolerance to forest degradation (Larsen 2005) , and species found in smaller fragments comprise only a subset of those found in larger fragments (Bossart et al. 2005 (Bossart et al. , 2006 . Many of those lost from smaller forest patches are forest-ßoor specialists and restricted to high quality forests with complete canopy (Bossart et al. 2005 , Larsen 2005 ). This differential loss of sensitive species could explain the apparent lack of a distancediversity relationship at Asantemanso, where most species that comprise this smaller community are generally tolerant of forest degradation (Bossart et al. 2005) . However, results for Bobiri and Owabi are opposite to what we would have predicted. Bobiri is the largest forest with the largest species pool, and many member species are particularly vulnerable to habitat degradation (Bossart et al. 2005) . Owabi is a signiÞcantly smaller forest with a signiÞcantly less speciose forest butterßy community, and a greater percentage of the community that is generally tolerant of forest degradation (because vulnerable species have already been lost). Consequently, relatively more forest species should have been adversely affected by edges at Bobiri rather than at Owabi, but in fact, the opposite was observed.
Although measurable changes in point estimates of total diversity are evidence that edge effects are at work, the reverse is not necessarily the case. Species richness, for example, is routinely used to quantify impacts of edges on community diversity (Davies and Margules 1998 , Spector and Ayzama 2003 , Vandergast and Gillespie 2004 , and edge effects are concluded to be absent when observed richness is similar across habitats. Total richness, however, does not show changes in community composition, and two communities could have equal numbers of species with zero species overlap. Ordination analyses permit a more holistic evaluation of heterogeneity of species assemblages along environmental gradients. Our study is a case in point. Total richness at Asantemanso and Bobiri was not correlated with distance from edge. Yet the ordination analysis revealed a signiÞcant inßuence of edge perimeter on both these forest communities, most obviously as clustering among the interior-most trap collections (Fig. 2) .
Our most intriguing and also most puzzling result concerns trap collections at the midpoint along transects. These collections separated from the others, particularly along axis-2, and did not follow our a priori expectation that assemblages would vary monotonically with distance from edge (Table 3 , contrasts among traps: 3 versus all others; Fig. 3 ). This result does not seem to be an artifact given that at least four traps from two different transects within each of two different forests (Asantemanso and Owabi) showed the same response (Fig. 2) . What is driving this idiosyncratic response? Multiple edge effects can have additive, opposing, or synergistic inßuences, and response intensity and slope can be modiÞed by proximity of other edges and extent of habitat contrast with the adjacent matrix ). For variables that exhibit continuous change (e.g., species richness or leaf water content) response peaks and depressions (i.e., waves) at intermediate distances along edge-interior gradients are not uncommon (Kroodsma 1982 , Kapos 1989 , Hester and Hobbs 1992 , Dignan and Bren 2003 , and these are thought to be a consequence of cascading interactions among abiotic and biotic effects (Murcia 1995) . Our ordination analyses, however, quantiÞed overall similarity/dissimilarity among pairs of trap communities rather than change in a single response variable. How multiple edge induced changes could integrate to produce communities that share more features with distant communities (e.g., 50-and 200-m collections) than with proximal communities (e.g., 50-m and midpoint collections) is not immediately obvious to us. Studies designed to explicitly reveal the nature of this response and factors at work will be necessary to resolve this issue.
The pattern of separation of trap communities suggests a general conclusion regarding the distance to which edge effects penetrate the forest interior. First, only two broad community groupings separated along axis-1 (Fig. 3) : habitat edge communities (i.e., edge and 50-m traps) and habitat core communities (i.e., all the rest). Second, communities trapped at 150 and 200 m were tightly clustered, both within forests (Fig. 2) and averaged across forests (Fig. 3) . Finally, the idiosyncratic response of the intermediate collections indicates at least some edge effects penetrate at least 100 m into the forest interior. Considered together, this suggests that edge habitat generally extends at least 50 m into the forest interior, resulting in close similarity between the two exterior-most trap communities. Most edge induced changes no longer impact community structure by 100 m, although those that do persist impact communities in unobvious ways. Communities apparently cease to be modiÞed by edge effects at some distance past 100 m but before 150 m, resulting in tight resemblance between the 150-and 200-m collections.
Our previous research established that GhanaÕs forest butterßies exhibit differential sensitivities to fragmentation, with smaller communities having a much smaller fraction of vulnerable species relative to larger communities (Bossart et al. 2005 (Bossart et al. , 2006 . Based on these earlier Þndings, we predicted that certain species would emerge as valuable indicators of intact forest by virtue of their association with deep forest. However, no species was a clear edge avoider and trapped only in the forest interior. In general, the presence of particular species along the transect could not be unambiguously linked to distance from edge, even at a very basic level (Appendix 1). All three of the edge indicator species were also trapped well within the forest interior. Similarly, a number of species originally predicted to be deÞnite edge avoiders because of their Þdelity to high quality forest and sensitivity to fragmentation were trapped at the edge. Considered in combination, these results suggest that increased edge exposure may not be a major factor underlying the differential loss of sensitive species from the smaller forest fragments we are studying, at least not directly. 
